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Abstract: This study aims to investigate the diversity, population dynamics, and distribution of forest cockroaches from the litter of three
types of Mediterranean forests (Pinus halepensis, Juniperus phoenicea, Quercus ilex) in Belezma National Park (Northeast Algeria). In
every type of forest, blattopteran individuals were hand-collected fortnightly from March 2013 to July 2014. Population dynamics were
tested by multivariate analysis of variance for forest types and study months. The capture of 1885 individual forest cockroaches allowed
the identification of six species (Loboptera angulata, Dziriblatta stenoptera, Phyllodromica subaptera, Phyllodromica zebra, Phyllodromica
cincticollis, and Phyllodromica trivittata). In all studied forests, these species produced two generations per year (spring and autumn), in
which the number of females was significantly higher than the number of males. However, P. cincticollis established a single generation in
the spring with a balanced sex ratio. L. angulata and D. stenoptera were the most abundant species. The values of individual abundances,
species richness, and biodiversity were higher in P. halepensis forest compared to Q. ilex and J. phoenicea.
Key words: Biodiversity, forest cockroaches, Belezma National Park, pathobiontic fauna, population dynamics

1. Introduction
Biodiversity is the variety of life on earth; this term includes
genetic diversity, species diversity, and ecosystem diversity,
for which the categories considered are ecosystems
(Colwell, 2009). Biodiversity assessments have already
proven their relevance as a scientific and practical tool for
forest management and maintaining healthy forests in a
changing world (Chenchouni et al., 2008a).
Organisms dwelling in the litter and upper layers of
forest soils are an essential component of the functional
biodiversity of these ecosystems (Ober and DeGroote,
2014).
Insects represent more than 70% of the known species
biodiversity of the animal kingdom. As they occupy
different trophic levels in the food chain, their ecological
role is important in the functioning of ecosystems (Weisser
and Siemann, 2004). Among insects, cockroaches are large
feeders of detritus of plant and animal origin (Evangelista et
al., 2014). They are cosmopolitan and fairly well diversified,
particularly in forest ecosystems with complex structures.
Indeed, forests provide a favorable habitat for cockroaches,
where they live among the dead leaves, branches, cracks,
* Correspondence: azouiimane@hotmail.fr

and dead spaces in the bark of trunks and in tree holes
(Lopes et al., 2014). In these different compartments of the
forest, cockroaches have primarily nocturnal activity for
feeding and breeding (Schal et al., 2008).
The inventory of African cockroach species is far
from being complete. In North Africa, for example, very
little research has been done on orthopteroid fauna and
especially on Dictyoptera (Chopard, 1929, 1943). Moreover,
the annual life cycle and distribution of dictyopteran species
in Algeria remain completely unknown to date. In addition,
studies on these insects in Algeria remain geographically
limited and occasional; the only works thus far were an
inventory of forest cockroaches in the area of Annaba
(Habbachi, 2013), a listing of species in forest environments
in a subhumid climate in the region of Guelma (Cherairia,
2004), and a study in the region of Djelfa where forests grow
in semiarid conditions (Masna et al., 2014). Furthermore,
there is little information on the bioecology of cockroaches
in their natural environment in the Mediterranean basin,
although Chopard (1951) indicated the existence of more
than 54 cockroach species, of which 46 species are found
in forest habitats (Habbachi, 2013).
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In demoecological studies, the sex ratio is an essential
parameter for characterizing insect populations (Serra
et al., 2007; Idder-Ighili et al., 2015). A good indicator of
survival, the distribution of age classes, and the dynamics
of insect populations (Sadoudi et al., 2011; Kraft and
Vannouhuys, 2013), the sex ratio allows estimation and
understanding of the effects of environmental conditions
or the structure of the habitat during various stages of life
history (Suarez-Coya, 2013). According to Tamošiūnas et
al. (2014), the determination of the sex ratio of an insect
population is crucial to assess the conditions and status
of this population, seasonal emergences, the number of
generations, and population dynamics.
The lack of information about cockroach species in
forest ecosystems in Algeria motivated us to conduct this
survey in order to estimate the species biodiversity and
population dynamics of cockroaches in forests of Belezma
National Park (BNP; Northeast Algeria). Thus, the aim of
this study is to determine the composition and diversity of
forest cockroach species in three types of Mediterranean
forests in a semiarid region of North Africa. In addition,
this research seeks to shed light on the population
dynamics of cockroach species during different stages of
their biological cycle, and also to determine the number
of generations per year and delineate the period of each
generation.

2. Materials and methods
2.1. Description of study sites
Covering an area of 26,250 ha, BNP is located in the eastern
part of North Algeria, in the Belezma Mountains located
at the western end of the forested Aurès Mountains in
northeastern Algeria (Sadine et al., 2012). The study area is
located in the BNP at Djerma, 35 km southwest of the city
of Batna (35°32′57.84″N, 6°9′59.00″E) at an average altitude
of 825 m above sea level (Figure 1).
The climate of the region is semiarid Mediterranean-type
with cool winters. Long-term climatic data (1913–2009)
showed that the warmest month was July with an average
temperature of 28.3 °C, whereas January was the coldest
month at 5.3 °C. Temperatures undergo large fluctuations
including very large thermal amplitudes. Annual rainfall
is erratic and varies from one year to another. During the
period of 1974–2004, March and April were the wettest
months with 40.4 and 39.6 mm, respectively. For the period
of 2008–2009, January, April, and May were the wettest
months with 67.9, 75.1, and 53.3 mm of rain, respectively.
Summer months (June–August) are always warm and dry,
with the occurrence of occasional heat waves and severe
drought that cause drastic disturbances to forests of the
region (Chenchouni et al., 2008b).
The study was conducted at three stations in the Djerma
region (BNP) with different floristic characteristics: the
first station is a forest of Aleppo pine, Pinus halepensis
(35°40′52.28″N, 6°16′39.79″E, elevation: 1011 m a.s.l.,

06°10ʼE
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Figure 1. Location of the three forest sites studied (S1: Pinus halepensis forest, S2: Juniperus phoenicea forest, S3: Quercus ilex forest)
in Belezma National Park (Batna, Northeast Algeria).
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aspect: northwest); the second is a forest of Phoenician
juniper, Juniperus phoenicea (35°40′14.99″N, 6°16′52.28″E,
elevation: 1011 m a.s.l., aspect: north); and the third is
a forest of evergreen oak, Quercus ilex (35°39′55.66″N,
6°16′34.10″E, elevation: 1016 m a.s.l., aspect: north)
(Figure 1). These stations were selected near one another
and at essentially equal elevations in order to eliminate
altitudinal effects that generate climatic differences.
Similarly, the orographic characteristics of the sites are
similar, which leaves the differences between stations to be
caused by the characteristics of vegetation cover and soil.
2.2. Sampling and collection of cockroaches
Blattopteran individuals were hand-collected from within
the litter and by searching under stones and on tree trunks.
In each studied forest, catches were carried out in four
plots of 1 m2 each, during 2 h in the morning. Captures
were performed fortnightly during the period from
March 2013 to July 2014. Specimens were preserved in
alcohol (70%) and then brought back to the laboratory for
identification. Each collected sample included oothecae
(egg cases), young larvae (YL) represented by the two first
larval instars, older larvae (AL) including the rest of the
instars, and adults (AD) of both sexes. The identification
of different species of cockroaches collected was based on
the criteria of Chopard (1951).
2.3. Data analyses
In order to understand how cockroach biodiversity is
distributed among forest types of BNP, the descriptive
variables used in data analysis were structural and
organizational indices of stands (frequency of occurrence
‘C%’, relative frequency ‘F%’, and density ‘D’), and
nonparametric indices of biodiversity description
(species richness ‘S’, Shannon index ‘H’, and evenness ‘E’)
(Magurran, 2004).
Occurrence: C% = Ri/R × 100, where Ri is the number
of samples containing the species i, and R is the total
number of samples collected.
Relative frequency: F% = Ni/N × 100, where Ni is
the number of individuals of species i, and N is the total
number of individuals of all species combined.
Density: D = Ni/R, where Ni is the total number
of individuals of species i, and R is the total number of
samples collected.
Species richness: S is the total number of species
observed in a given habitat.
Shannon index: H = –∑ (Pi × log2Pi), where Pi is the
relative frequency of species i (Pi = Ni/N).
Evenness: E = H/Hmax × 100, where Hmax = log2S.
In order to monitor the overall dynamics of the
identified cockroach fauna, the number of individuals of
each species was pooled per month in each forest type. The
population dynamics were represented by curves to follow
the spatiotemporal patterns and delineate the number,
period, and duration of annual generations of each species.

2.4. Statistical analyses
The operational sex ratio (OSR: the ratio of male and
female ‘adults’ ready to reproduce at a specific time) of
each cockroach species was computed using the total
number of adult individuals in each forest: OSR M:F
(%) = (males / (males + females)) × 100 (Clutton-Brock,
2009). The chi-square test was applied to test the difference
in sex ratio in relation to the expected theoretical value of
OSR M:F = 50% for the three studied forests and for the
whole area of BNP (Idder-Ighili et al., 2015).
In order to test differences in population dynamics of
each phenological stage (YL, AL, AD) of the cockroaches
identified between sampled forests and studied months,
multivariate analysis of variance (MANOVA) was
performed for each species using the code (manova
(cbind (YL, AL, AD) ~ forests * months)) in the statistical
software R 3.2.2 (R Foundation for Statistical Computing,
Vienna, Austria).
3. Results
3.1. Composition of the cockroach fauna
The catches performed over a period of 17 months from
March 2013 to July 2014 resulted in a collect of 1885
individuals, including 433 adults and 1326 juveniles
comprising 525 young larvae and 801 older larvae, as
well as 128 oothecae (Table 1). All specimens collected
belonged to the subfamily Ectobiinae (Order: Dictyoptera,
Suborder: Blattodea, Family: Blattellidae), with three genera
(Loboptera, Dziriblatta, and Phyllodromica) and six species
(Loboptera angulata, Dziriblatta stenoptera, Phyllodromica
subaptera, Phyllodromica zebra, Phyllodromica cincticollis,
and Phyllodromica trivittata). Generally, catches were
more abundant in the Pinus halepensis forest, with a total
of 1082 individuals, followed by the Quercus ilex forest
(514 individuals) and Juniperus phoenicea forest (289
individuals). Abundances of species also followed this
trend per forest, except for L. angulata and P. zebra, which
were more abundant in the Q. ilex forest.
3.2. Sex ratio of adult cockroaches
Of the 285 females and 146 males constituting the total
adult catches in BNP, the OSR (M:F) was 33.87%. This value
was significantly different from the theoretical value of 50%
(chi-square test: χ2 = 52.5, P < 0.001), which means that the
number of males was significantly lower than the number
of females (Table 2). The same result was observed with all
OSR values of cockroach species in the studied forests and
in BNP in general, except for P. cincticollis, for which the
number of males was balanced with the number of females
(OSR = 50%). It is noteworthy that female cockroaches
dominated males more markedly in the J. phoenicea forest
(OSR = 6.67%). In addition, OSRs were lower for P. subaptera
and D. stenoptera at 24.84% and 6.67%, respectively, while
males were completely absent in P. zebra.
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Table 1. Distribution of caught individuals of forest cockroach species according to phenological stages in different forest types of
Belezma National Park (Northeast Algeria).

Cockroach species

L. angulata
(Chopard, 1943)

D. stenoptera
(Chopard, 1943)

P. subaptera
(Rambur 1838)

P. zebra
(Chopard, 1951)

P. cincticollis
(Lucas, 1849)

P. trivittata
(Chopard, 1943)

All species combined
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Phenological stage

Surveyed forests
P. halepensis

J. phoenicea

Q. ilex

Overall

Ootheca

4

3

4

11

Young larvae

62

62

70

194

Aged larvae

69

91

109

269

Adults

36

3

52

91

Total

171

159

235

565

Ootheca

71

4

6

81

Young larvae

98

22

36

156

Aged larvae

246

56

58

360

Adults

151

6

4

161

Total

566

88

104

758

Ootheca

2

–

3

5

Young larvae

12

–

12

24

Aged larvae

29

–

15

44

Adults

7

–

8

15

Total

50

–

38

88

Ootheca

2

–

6

8

Young larvae

0

–

0

0

Aged larvae

7

–

13

20

Adults

7

–

6

13

Total

16

–

25

41

Ootheca

14

–

–

14

Young larvae

10

–

–

10

Aged larvae

42

–

–

42

Adults

54

–

–

54

Total

120

–

–

120

Ootheca

2

2

5

9

Young larvae

56

23

62

141

Aged larvae

29

11

26

66

Adults

74

6

19

99

Total

161

42

112

315

Ootheca

95

9

24

128

Young larvae

238

107

180

525

Aged larvae

422

158

221

801

Adults

327

15

89

431

Total

1082

289

514

1885
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Table 2. Variation in numbers of males and females and values of the operational sex ratio (M:F) of forest cockroach species caught in
different forests of Belezma National Park (Northeast Algeria).
Cockroach species

L. angulata

D. stenoptera

P. subaptera

P. zebra

P. cincticollis

P. trivittata

All species combined

Sex

Studied forests

Chi-square test

P. halepensis

J. phoenicea

Q. ilex

Overall

Female

22

2

30

54

Male

14

1

22

37

OSR (M:F)

38.89

33.33

42.31

40.66

Female

111

6

4

121

Male

40

0

0

40

OSR (M:F)

26.49

0

0

24.84

Female

7

–

7

14

Male

0

–

1

1

OSR (M:F)

0.00

–

12.50

6.67

Female

7

–

6

13

Male

0

–

0

0

OSR (M:F)

0

–

0

0

Female

26

–

–

26

Male

26

–

–

26

OSR (M:F)

50.00

–

–

50.00

Female

39

6

12

57

Male

35

0

7

42

OSR (M:F)

47.30

0.00

36.84

42.42

Female

212

14

59

285

Male

115

1

30

146

OSR (M:F)

35.17

6.67

33.71

33.87

3.3. Spatiotemporal population dynamics
The increase in cockroach numbers in the forests of BNP
started from January and February for L. angulata, D.
stenoptera, P. zebra, and P. subaptera. For these species and
in the studied forests, surveys during the months of April
and May revealed high individual densities compared
to other months, thus marking the peak of the spring
generation, which commenced in March and ended in June.
A sharp decrease in abundance was observed in summer
(June–August) through early autumn (September), from
which time a second increase in the number of individuals
denoted the second generation. However, this generation
was characterized by a lower density compared to the
first generation (Figure 2). The monthly dynamics of P.
cincticollis populations in Aleppo pine forest indicated the
existence of a single annual generation. It coincided with the
spring season and lasted for about 4 months (March–June).
The first spring-summer generation of P. trivittata began in

χ²

P

11.0

0.012

123.7

<0.001

115.7

<0.001

150.0

<0.001

0.0

1.000

54.8

<0.001

52.5

<0.001

April in P. halepensis and Q. ilex but in May in J. phoenicea
forest. This generation overlapped with the second summerautumn generation that lasted until November. The monthly
population dynamics of cockroaches indicated higher
individual abundances in Aleppo pine forest compared
to the other two forests, except for L. angulata, which was
abundant in Q. ilex forest.
The variation in the number of individuals captured at
each phenological stage according to types of forests and
studied months differed from one species to another. In
L. angulata, D. stenoptera, and P. trivittata, population
dynamics of phenological stages YL, AL, and AD differed
significantly between forest types, studied months, and
the interaction ‘forests × months’. Only the effect of the
factor ‘months’ was significant among the phenological
stages of P. subaptera (P = 0.015), whereas abundances of
P. zebra and P. cincticollis showed no significant variation
according to the two factors (Table 3).
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Loboptera angulata

Dziriblatta stenoptera

Phyllodromica subaptera

Phyllodromica cincticollis

Phyllodromica zebra

Phyllodromica trivittata

M AM J J A S O N D J F M AM J J

M AM J J A S O N D J F M AM J J

M AM J J A S O N D J F M AM J J

Population Density (Number Of Individuals)

100

Forest Types
Pinus halepensis
Quercus ilex
Juniperus phoenicea

80

60

40

20

0

100

80

60

40

20

0

Studied Months (2013-2014)

Figure 2. Monthly population dynamics of forest cockroach species sampled between March 2013 and July 2014 in different forests
of Belezma National Park (Northeast Algeria).

3.4. Structure and organization of stands
In the P. halepensis forest, five species were constant
in samples (occurrence > 50%), of which D. stenoptera
presented
the
highest
occurrence
frequency
(C% = 82.35%), but P. zebra was reported as an accidental
species (C% = 23.53%). A high occurrence of L. angulata
(C% = 70.59%) characterized J. phoenicea forest, in which
P. trivittata had low occurrence (C% = 41.18%). Similarly,
L. angulata was the most constant species over time in Q.
ilex forest (C% = 70.59%). In BNP in general, i.e. in the three
forest types, over 80% of species were constant (Table 4).
Regarding the relative frequency (F%) and density (D), the
most abundant species in the P. halepensis forest was D.
stenoptera with F% = 50.20% and a large density (D = 29.12
individuals per sample). L. angulata was the most abundant
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species in the other two forests with a relative abundance
of F% = 55.71% in J. phoenicea and F% = 47.14% in Q.
ilex. The density of these species was also important in
these two forests with 9.18 and 13.59 individuals/sample,
respectively. The dominant species in all studied forests
were L. angulata, D. stenoptera, and P. trivittata.
3.5. Indices of biodiversity
The pine forest was the most diverse forest in terms
of species richness with the presence of six cockroach
species, and then came the evergreen oak forest with five
species (Figure 3). Biodiversity, evaluated using Shannon’s
index, was slightly higher in P. halepensis forest (H = 2.00,
Hmax = 2.58), followed by Q. ilex forest (H = 1.91,
Hmax = 2.32), while J. phoenicea showed the lowest values
of biodiversity (S = 3, H = 1.39, Hmax = 1.58). However, this
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Table 3. Multivariate analysis of variance (MANOVA) for differences in population dynamics of cockroaches’ phenological stages
between studied months and forests of Belezma National Park (*: P < 0.05, ***: P < 0.001).
Cockroach species

L. angulata

D. stenoptera

P. subaptera

P. zebra

P. cincticollis

P. trivittata

Variation

Df

Pillai

Approx. F

Num. Df

Den. Df

P

Sig.

Forests

2

1.26

7.95

6

28

<0.001

***

Months

11

2.33

4.70

33

45

<0.001

***

Forests × months

22

2.15

1.72

66

45

0.027

*

Residuals

15

Forests

2

1.42

11.52

6

28

<0.001

***

Months

11

2.90

37.63

33

45

<0.001

***

Forests × months

22

2.77

8.29

66

45

<0.001

***

Residuals

15

Forests

1

0.21

0.70

3

8

0.576

Months

11

2.13

2.21

33

30

0.015

Forests × months

11

1.36

0.76

33

30

0.783

Residuals

10

Forests

1

0.10

0.96

3

25

0.428

Months

11

0.76

0.84

33

81

0.713

Forests × months

11

0.41

0.39

33

81

0.998

Residuals

27

Months

11

2.06

0.99

33

15

0.528

Residuals

5

Forests

2

1.82

46.63

6

28

<0.001

***

Months

11

2.92

49.08

33

45

<0.001

***

Forests × months

22

2.70

6.03

66

45

<0.001

***

Residuals

15

*

Table 4. Occurrence (C%), relative frequency (F%), and density (D) of blattopteran species caught in different forest types of Belezma
National Park (Northeast Algeria).
Studied forests
Cockroach species

P. halepensis

J. phoenicea

Q. ilex

C%

F%

D

C%

F%

D

C%

F%

D

L. angulata

76.47

16.94

9.82

70.59

55.71

9.18

70.59

47.14

13.59

D. stenoptera

82.35

50.20

29.12

64.71

30.00

4.94

58.82

20.00

5.76

P. subaptera

58.82

4.87

2.82

–

–

–

52.94

7.14

2.06

P. zebra

23.53

1.42

0.82

–

–

–

29.41

3.88

1.12

P. cincticollis

52.94

10.75

6.24

–

–

–

–

–

–

P. trivittata

52.94

15.82

9.18

41.18

14.29

2.35

58.82

21.84

6.29
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Species Richness

Shannon Index

Shannon Index Max

Evenness (%)

6.00

5.00

4.00

3.00

2.00

1.00

0.00

S1

S2

S3

S1

S2

S3

S1

Surveyed Forests

S2

S3

S1

S2

S3

Figure 3. Parameter diversity of cockroach species caught in different forest types (S1: Pinus halepensis, S2: Juniperus
phoenicea, S3: Quercus ilex) of Belezma National Park (Northeast Algeria).

forest showed the highest value of evenness at 88%, while
evenness was only 77% in P. halepensis forest. Roughly
speaking, the values of evenness (E > 77%) indicated that
stands in all three forests were quite well balanced, i.e.
population abundances were quite evenly distributed.
4. Discussion
This study allowed, for the first time, the characterization
of the diversity and population dynamics of cockroach
species in BNP according to various Mediterranean forest
types. It is noteworthy that BNP forests are characterized
by a fairly wide variety of flora and fauna, from which more
than 200 insect species were described (Chenchouni et al.,
2008a; Zereg, 2010), but no information on Dictyoptera
was available before this survey. Inventory works of flora
and fauna in forest ecosystems continue to draw the
interest of scientists worldwide. They have proved their
usefulness in various forest management studies (Dudley
et al., 2005; Habbachi, 2013).
Among the six species recorded in BNP, two species
are new for Algeria (Phyllodromica cincticollis and
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Phyllodromica subaptera). To date, Algeria has a total of ten
forest cockroach species, all recorded from forest habitats:
two species (Loboptera decipiens and Ectobius pallidus)
are reported in subhumid forests of the region of Guelma
(Cherairia, 2004), three species (Loboptera decipiens,
Ectobius kervillei, and Ectobius sp.) in the coastal area of
Annaba (north of Algeria) where the climate is humid
(Habbachi, 2013), and seven species (Loboptera decipiens,
Loboptera ovolobata, Dziriblatta nigriventris, Dziriblatta
stenoptera, Phyllodromica zebra, Phyllodromica trivittata
and Ectobius sp.) in the semiarid forests of the region of
Djelfa (Masna et al., 2014).
Many abiotic and biotic factors control the distributional
patterns of cockroach populations across different regions
and habitats (Rust et al., 1995). Among the most important
factors involved in the speciation of ecological niches
of these insects are climatic parameters (Kambhampati
and Peterson, 2007) and features of the vegetation and
characteristics of its litter (Antunes et al., 2008; Schal et
al., 2008). Furthermore, the presence of water, i.e. biotope
moisture, facilitates the development of cockroach
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populations (Boyer, 2004), and fire is another factor that
affects communities of forest cockroaches (Abbott et al.,
2003).
Our results are consistent with those of Antunes et al.
(2008), who showed that different vegetation covers had
different influences on the diversity and distribution of
pathobiontic arthropods. In addition, the current study
revealed that trends of population dynamics and the
number of annual generations of the identified cockroach
species were quite similar between the different types
of forests. However, the timing and intensity of these
generations (as well population dynamics) all depended
on the season of the year. This reflects the crucial effect
of temporal variation of climatic factors, which are well
documented and known for their direct influences on
insect populations, their food, and their environment
(Chafaa et al., 2013; Idder-Ighili et al., 2015).
The OSRs of cockroach species in all studied forests
of BNP are biased towards females, which is in agreement
with the records of several entomological/zoological
studies; indeed, Clutton-Brock (2009) stressed that the
dominance of females is quite common in several animal
families. In extreme cases of imbalance between males
and females, some species can reproduce asexually in
the absence of males by parthenogenesis (Schwander et
al., 2010). Similarly, Idder-Ighili et al. (2015) also noted
a significantly biased OSR towards females throughout
the year and especially during the breeding season. The
bias in OSR can be explained by uneven rates of catches
and survival between the sexes. However, environmental
conditions can also influence the sex ratio (Stelkens and

Wedekind, 2010) whereas the behavior and ecology of the
species induce unequal survival between the sexes during
different stages of the life cycle, which also affects this ratio
(Bell et al., 2007; Schal et al., 2008; Kraft and Vannouhuys,
2013).
The abundance and high diversity of blattopteran species
in P. halepensis forest compared to other studied forests of
BNP may be related to favorable ecological conditions in this
habitat. Although deciduous forests produce more litter, the
litter of coniferous forests provides an auspicious environment
to house a wide and diverse range of microarthropods
(Madej et al., 2011). This is due to the rapid decomposition of
deciduous litter, while that of conifer forests, under specific
edaphic and climatic conditions, accumulates longer and
more densely (Laganière et al., 2010; Binkley and Fisher,
2012). In the Mediterranean region, P. halepensis forests
promote soil properties that make these areas particularly
able to contain a wide variety of pathobiontic arthropods
(Antunes et al., 2008). In fact, conifer forests are known to
have different soil proprieties compared to deciduous woods,
since the litter of these habitats, being mainly composed
of needles, has specific physicochemical and dynamic
characteristics (acidity, moisture, types of humus, rate of
decomposition and turnover of organic matter, types of
undergrowth, microfauna, etc.) (Binkley and Fisher, 2012;
Yoshida et al., 2013).
Acknowledgment
The authors thank Mr Haroun Chenchouni (University of
Tebessa, Algeria) for his help in the statistical analysis and
editing of this paper.

References
Abbott I, Burbidge T, Strehlow K, Mellican A, Wills A (2003).
Logging and burning impacts on cockroaches, crickets and
grasshoppers, and spiders in Jarrah forest, Western Australia.
Forest Ecol Manag 174: 383–399.
Antunes SC, Pereira R, Sousa JP, Santos MC, Gonçalves F (2008).
Spatial and temporal distribution of litter arthropods in
different vegetation covers of Porto Santo Island (Madeira
Archipelago, Portugal). Eur J Soil Biol 44: 45–56.
Bell WJ, Roth LM, Nalepa CA (2007). Cockroaches: Ecology,
Behavior, and Natural History. Baltimore, MD, USA: Johns
Hopkins University Press.
Binkley D, Fisher R (2012). Ecology and Management of Forest Soils.
New York, NY, USA: Wiley.
Boyer S (2004). Sélection de l’habitat chez les blattes introduites/
endémiques (Insectes : Dictyoptères). Exemple de Mayotte
et La Réunion. PhD, Rennes 1 University, Rennes, France (in
French).

Chafaa S, Biche M, Chenchouni H, Sellami M, Si Bachir A (2013).
Effet du climat et de l’exposition sur la dynamique des
populations de la cochenille violette, Parlatoria oleae Colvée
(Hemiptera: Diaspididae), en conditions arides. Ann Soc
Entomol Fr 49: 291–297 (in French).
Chenchouni H, Abdelkrim SB, Athmane B (2008a). Valorisation of
fauna communities in the Algerian forests: case of the national
park of Belezma (Algeria, North Africa). In: International
Conference on Adaptation of Forests and Forest Management
to Changing Climate with Emphasis on Forest Health: A
Review of Science, Policies, and Practices, 25–28 August 2008.
Umeå, Sweden: FAO/IUFRO, p. 52.
Chenchouni H, Abdelkrim SB, Athmane B (2008b). The
deterioration of the Atlas Cedar (Cedrus atlantica) in Algeria.
In: International Conference on Adaptation of Forests and
Forest Management to Changing Climate with Emphasis on
Forest Health: A Review of Science, Policies, and Practices,
25–28 August 2008. Umeå, Sweden: FAO/IUFRO, p. 51.

239

AZOUI et al. / Turk J Zool
Cherairia M (2004). Les blattes dans l’est algérien (Guelma)
inventaire, biométrie et biotypologie. MSc, Badji Mokhtar
University, Annaba, Algeria (in French).
Chopard L (1929). Note sur les Orthoptères du Hoggar. Bull Soc Hist
Nat Afr 20: 234–246 (in French).
Chopard L (1943). Orthoptéroïdes de l’Afrique du Nord (I. Faune de
l’empire français). Paris, France: Larose (in French).
Chopard L (1951). Orthoptéroïdes. Faune de France. Tome 56. Paris,
France: Lechevalier (in French).
Clutton-Brock T (2009). Sexual selection in females. Anim Behav 77:
3–11.
Colwell RK (2009). Biodiversity: concepts, patterns and
measurement. In: Levin SA, editor. The Princeton Guide to
Ecology. Princeton, NJ, USA: Princeton University Press, pp.
257–263.
Dudley N, Baldock D, Nasi R, Stolton S (2005). Measuring biodiversity
and sustainable management in forests and agricultural
landscapes. Philos Trans R Soc Lond B Biol Sci 360: 457–470.
Evangelista DA, Bourne G, Ware JL (2014). Species richness estimates
of Blattodea s.s. (Insecta: Dictyoptera) from northern Guyana
vary depending upon methods of species delimitation. Syst
Entomol 39: 150–158.
Habbachi W (2013). Etude des Blattellidae (Dictyoptera): essais
toxicologiques, synergie et résistance aux insecticides et aux
biopesticides. PhD, Badji Mokhtar University, Annaba, Algeria
(in French).
Idder-Ighili H, Idder MA, Doumandji-Mitiche B, Chenchouni H
(2015). Modeling the effects of climate on date palm scale
(Parlatoria blanchardi) population dynamics during different
phenological stages of life history under hot arid conditions.
Int J Biometeorol 59: 1425–1436.
Kambhampati S, Peterson AT (2007). Ecological niche conservation
and differentiation in the wood feeding cockroaches,
Cryptocercus, in the United States. Biol J Linn Soc 90 : 457–466.
Kraft T, Vannouhuys S (2013). The effect of multi-species host density
on superparasitism and sex ratio in a gregarious parasitoid.
Ecol Entomol 38: 138–146.
Laganière J, Pare D, Bradley RL (2010). How does a tree species
influence litter decomposition? Separating the relative
contribution of litter quality, litter mixing, and forest floor
conditions. Can J Forest Res 40: 465–475.
Lopes SM, Oliveira EH, Tarli DV (2014). New species of Blaberidae
and Ectobiidae (Blattaria) from Brazil. Zoologia 31: 170–174.
Madej G, Barczyk G, Gawenda I (2011). Importance of microhabitat
for preservation of species diversity, on the basis of
mesostigmatid mites (Mesostigmata, Arachnida, Acari). Pol J
Environ Stud 20 : 961–968.
Magurran AE (2004). Measuring Biological Diversity. Oxford, UK:
Blackwell Publishing.

240

Masna F, Habbachi W, Mecheri H, Ouakid ML, Adamou AE,
Benhissen S (2014). Inventaire des blattes forestières des
pinèdes de la région de Djelfa. Revue El Wahat pour les
Recherches et les Etudes 7: 1–6 (in French).
Ober HK, DeGroote LW (2014). Repeated raking of pine plantations
alters soil arthropod communities. Forests 5: 689–714.
Rust MK, Owens JM, Reierson DA (1995). Understanding and
Controlling the German Cockroaches. New York, NY, USA:
Oxford University Press.
Sadine SE, Alioua Y, Chenchouni H (2012). First data on scorpion
diversity and ecological distribution in the National Park of
Belezma, Northeast Algeria. Serket 13: 27–37.
Sadoudi D, Soltani N, Kellouche A, Mazouzi F (2011). Effet de
quelques paramètres biotiques et abiotiques sur la biologie
de la mouche méditerranéenne des fruits Ceratitis capitata
Wiedemann (Diptera: Trypetidae) au laboratoire. In: 9th
International Conference on Agricultural Pests, 26–27 October
2011. Montpellier, France: AFPP, p. 10 (in French).
Schal C, Gautier JY, Bell WJ (2008). Behavioural ecology of
cockroaches. Biol Rev 59: 209–254.
Schwander T, Lo N, Beekman M, Oldroyd BP, Keller BP (2010).
Nature versus nurture in social insect caste differentiation.
Trends Ecol Evol 25: 275–282.
Serra H, Godoy WAC, Von Zuben FJ, Von Zuben CJ, Reis SF (2007).
Sex ratio and dynamic behavior in populations of the exotic
blowfly Chrysomya albiceps (Diptera, Calliphoridae). Braz J
Biol 67: 347–353.
Stelkens RB, Wedekind C (2010). Environmental sex reversal, Trojan
sex genes, and sex ratio adjustment: conditions and population
consequences. Mol Ecol 19: 627–646.
Suarez-Coya M, Padilla SE, Escobedo-Galvan AH (2013). Variation
in size class and sex ratio of Morelet’s crocodile in wetlands of
Campeche, México. Herpetol Conserv Biol 8: 447–455.
Tamošiūnas R, Valiuškaitė A, Survilienė E, Rasiukevičiūtė N (2014).
Species ratio, spring emergence, population dynamics and
damage of plum sawflies Hoplocampa minuta and H. flava in
plum orchard. Zemdirbyste-Agriculture 101: 91–100.
Weisser WW, Siemann E (2004). The various effects of insects on
ecosystem functioning. In: Weisser WW, Siemann E, editors.
Insects and Ecosystem Function. Berlin, Germany: SpringerVerlag, pp. 3–24.
Yoshida T, Takito Y, Soga M, Hijii N (2013). Responses of litter
invertebrate communities to litter manipulation in a Japanese
conifer plantation. Acta Oecol 51: 74–81.
Zereg S (2010). Diagnostic écologique, mise en valeur et conservation
des Junipéraies de Juniperus phoenicea de la région de Djerma
(Nord-est du Parc National de Belezma, Batna). MSc, Hadj
Lakhdar University, Batna, Algeria (in French).

